ABSTRACT. Uterine natural killer (uNK) cells belong to the large granular lymphocytes in the murine pregnant uterus and play essential roles in pregnancy success. We defined whether uNK cells can produce epidermal growth factor (EGF) important for implantation and embryo growth. The uNK cells were immunohistochemically positive for anti-EGF antibody especially during days 6 to 9 and at day 15 of pregnancy. Immunoreaction for EGF receptor was observed on the stromal cells in the metrial gland and trophoblasts in the placental labyrinth. EGF secretion (72.1 ± 2.25 ng/10 4 cells) was noted in cultured uNK cells isolated from the metrial gland at day 15 of pregnancy. Treatment of anti-asialo-GM1 antibody raised the level of EGF (129 ± 21.5 ng/10 4 cells). These results suggest uNK cell can produce and release EGF for placental development.-KEY WORDS: epidermal growth factor, placenta, uterine NK cell.
fixed in 10% neutral buffered formalin or used for culture study.
For the detection of EGF and EGF receptor (EGFR), immunostaining was conducted on the paraffin sections. Serial sections were incubated with anti-EGF rabbit polyclonal antibody (1/500 dilution; Biomedical Technologies Inc., Stoughton, MA, U.S.A.) at room temperature (RT) for 2 hr or anti-EGFR sheep polyclonal antibody (1/200 dilution; UBI, Lake Placid, NY, U.S.A.) at 4°C overnight. EGFR immunostaining was conducted on the neighboring sections of EGF immunostaining. The Vectastain ® ABC kit (Vector Lab. Inc., Burlingame, CA, U.S.A.) was used for immunostaining. To identify uNK cells, PAS staining was conducted on the neighboring sections.
To isolate uNK cells, the metrial gland tissues were carefully sampled, minced well with a razor and incubated in 0.1% collagenase (Wako, Osaka, Japan) at 37°C for 30 min. The cell suspension was filtrated and washed by centrifugation at 800 rpm for 10 min. The purity and viability of uNK cells were assessed by trypan blue dye exclusion. The cell suspension more than 80% of uNK cells was cultured in RPMI 1640 medium with 10% fetal bovine serum. Isolation was conducted from days 11 to 15 of pregnancy when the metrial gland was formed. The isolated uNK cells were cultured for 3 days at 37°C and 5% CO 2 , with or without anti-asialo-GM1 antibody (Wako, Osaka, Japan) at 1/100 dilution. Then, supernatant was recovered and diluted gradiently. EGF concentration in the supernatant was measured by sandwich enzyme-linked immunosorbent assay (ELISA). Anti-mouse EGF monoclonal antibody (1/1,000 dilution; Monosan, AM Uden, Netherlands) was coated on 96-well ELISA plate (Sumitomo Bakelite Co., Ltd., Tokyo, Japan) at 4°C overnight. The diluted supernatant was reacted to the antibody-coated plate at 4°C for 2 hr. Then, anti-EGF rabbit polyclonal antibody (1/500 dilution; Biomedical Technologies Inc., Stoughton, MA, U.S.A.) was adapted at 4°C for 1 hr. Horseradish Uterine natural killer (uNK) cells belong to the large granular lymphocyte and are localized in the metrial gland and the decidua basalis in the murine placenta. The uNK cells express Ly49G2 (LGL-1), NK1.1 and asialo-GM 1 antigens [1] . Mature uNK cells are characterized by the large granules stained by periodic acid Schiff (PAS). In TgE26 mice genetically lacking uNK cells, placental size and reproductive performance were very poor [4, 6] . After the reconstitution of uNK cells in TgE 26 (T NK B + ) mice by the engraftment of bone marrow from SCID mice (T NK + B ), placental size and fetal viability were recovered [5] , suggesting that uNK cells play critical roles in placental development and fetal survival.
During implantation period, epidermal growth factor (EGF) is one of remarkable cytokines that effect mouse blastocysts to proliferate and to increase trophoblast outgrowth [9] . Mouse blastocysts express EGF receptor regulated by estrogen [10] . In murine pregnancy, the mandibular glands, the EGF-providing organ, grow large and EGF concentration increases in plasma. A deficiency of EGF, produced by sialoadenectomy and administration of anti-EGF antiserum, induced abortion at mid-pregnancy [12] . The uNK cell was known to produce interleukin (IL) -1, colony stimulating factor (CSF) -1 and leukemia inhibitory factor (LIF) necessary for the blastocyst implantation [2] , but has not been reported about EGF. We wished to establish whether uNK cells can produce EGF for pregnancy success.
ICR mice purchased from Japan Clea (Osaka, Japan) were used at 10-12 weeks of age. At estrus females were mated and day 0 of pregnancy was designed at the morning when vaginal plug was detected. Mated females were euthanized and pregnant uteri were sampled. The tissue samples were peroxidase-conjugated goat anti-rabbit IgG (H+L) (1/5,000 dilution; Kirkegaad & Perry Lab. Inc., Gaithersburg, MD, U.S.A.) was adapted at RT for 30 min. For the color development, 3 mg/ml o-phenylenediamine and 0.02% hydrogen peroxide were adapted and the absorbance was measured at 405 nm by the microplate reader model 450 (Bio Rad, Hercules, CA, U.S.A.). The medium containing 100 ng of EGF was used as positive control. EGF concentration in each sample was calculated by ratios to positive control. Sandwich ELISA was conducted 3 times in 3 pregnant mice.
From days 2 to 4 of pregnancy, uterine glandular epithelium and uterine epithelium were positive for anti-EGF antibody, although few uNK cells were positive. At day 6, post-implantation period, uNK cells were obviously positive for EGF in the mesometrial side of endometrium. At day 9, most of uNK cells were positive for EGF and localized in the decidua basalis. During days 6 to 9, immunoreaction for EGF was detected in the cytoplasm of uNK cells. From days 11 to 13, weak reaction was observed in uNK cells. At day 15, granules in uNK cells in the metrial gland showed strongly positive reaction for EGF (Fig. 1A) . More than 80% of uNK cells had positive granules. EGFR immunoreaction during days 9 to 13 was observed strongly in stroma cells of the metrial gland, and weakly in the decidual cells and trophoblasts. At day 15, trophoblasts in the placental labyrinth showed strongly positive reaction for anti-EGFR antibody (Fig. 1B) , although it was weak at day 17. In the culture of uNK cells isolated at day 11, very low level of EGF was detected. At day 15, EGF was detected at the concentration of 72.1 ± 2.25 ng/ 10 4 cells. After incubation with anti-asialo-GM1 antibody, EGF concentration significantly increased to 129 ± 21.5 ng/ 10 4 cells.
Immunostaining revealed that uNK cells express EGF protein from day 6 of pregnancy. The immunoreaction was much strong during days 6 to 9 and at day 15. During these periods, EGFR immunoreaction was mainly seen in the metrial gland and the placental labyrinth. Since the metrial gland is developing from days 8 to 12, EGF/EGFR would be involved in the formation of the metrial gland tissue. EGFR expression on trophoblasts was found in rat [11] , human [7] and sheep [3] at peri-implantation period. In the equine placenta, EGFR was detected in late pregnancy [8] . Thus, it is likely that EGF/EGFR can play an important role in the placental formation during both peri-implantation and late pregnancy periods in many animal species. Dose of detectable EGF in cultured uNK cells was higher at day 15 than day 11. It would be due to capacities of production and storage at different stages of pregnancy. At day 15, uNK cells developed in size and contained large granules immunohistochemically positive for EGF. Granules in uNK cells grew large as the differentiation proceeded, suggesting that mature uNK cells could store more EGF than immature cells could. Besides, increase in EGF level after treatment with anti-asialo-GM 1 antibody proposed that asialo-GM 1 antigen would be related to the mechanism for EGF release. At day 15, several uNK cells containing positive granules were observed in maternal vessels in the metrial gland, suggesting that EGF is released into maternal vessels in the placenta and acts against trophoblasts. Thus, uNK cells would play significant roles in the placental development and fetal growth through production and release of EGF. This study was supported by the Grant-in-aid for Scientific Research (B) and (C) of the Ministry of Education, Sports and Culture in Japan (to Y.K.). We thank Dr. H. Tamada for his generous advice and Mr. T. Takechi for his technical help.
